Background: Paraneoplastic hyperleukocytosis is a rare phenomenon observed in patients with adenocarcinomas and other malignancies. In this study, we present a case of paraneoplastic hyperleukocytosis in pancreatic adenocarcinoma secondary to excessive secretion of serum granulocyte colony-stimulating factor (G-CSF). Presentation: We report a 71-year-old Caucasian male who presented to our hospital with hyperleukocytosis in the setting of locally advanced pancreatic adenocarcinoma. The patient was recently diagnosed 4 months before presentation and received abraxane/gemcitabine in addition to palliative radiation therapy for continued gastrointestinal bleeding. During routine laboratory assessment, the patient was found to have a white blood cell (WBC) count of 153 K/UL (75% neutrophils and 14% bands). Bone marrow biopsy and cytology were negative for neoplastic features. Serum G-CSF levels returned markedly elevated, supporting the diagnosis of paraneoplastic hyperleukocytosis. Interestingly, the WBC count decreased significantly following each of two cycles of chemotherapy, further suggesting a paraneoplastic etiology of hyperleukocytosis. The patient did not receive any growth factor support at any point before or during treatment. Conclusion: In conclusion, the presence of hyperleukocytosis in cancer should raise clinical suspicion of a paraneoplastic phenomenon when other possible causes have been excluded. Hyperleukocytosis in this setting may correlate with progression of disease and lessen with treatment.
Background
Paraneoplastic syndromes are clinical disorders associated with malignancy, which are not directly related to the physical effects of the primary or metastatic tumor.
1,2 Hyperleukocytosis refers to a laboratory abnormality that has been variably defined as total leukocyte count greater than 50 or 100 K/UL. Hyperleukocytosis is a rare paraneoplastic syndrome that has been observed in association with renal, pancreatic, and lung cancers. 3, 4 This report describes a case of hyperleukocytosis that developed in a patient with locally advanced pancreatic adenocarcinoma.
Case Presentation
A 71-year-old male presented to our hospital with symptomatic anemia and hyperleukocytosis. The patient was recently diagnosed 4 months before with locally advanced pancreatic adenocarcinoma given that there was no evidence of metastatic disease and the tumor was determined to be unresectable based on the extent of local vascular involvement. His past medical history was only significant for hypertension, and social history was negative for tobacco or alcohol use. Family history was negative for cancer in his immediate family and review of symptoms was unremarkable, apart from general fatigue and decreased activity. On physical examination, the patient was afebrile, his blood pressure and heart rate were normal, no lymphadenopathy or abdominal tenderness was noted, and lung sounds were clear. The laboratory data (complete blood count, chemistry, urinalysis, tumor markers, and coagulation) showed severe anemia (6.7 g/dL of hemoglobin) and thrombocytosis (625 K/UL), and the tumor marker carbohydrate antigen 19-9 (CA 19-9) was within the reference range at 22 U/mL. The lactate dehydrogenase (LDH) and alkaline phosphatase (ALP) were elevated to 392 and 493 IU/L, respectively. Marked hyperleukocytosis, 153 K/UL, was noted with 75% neutrophils, 14% bands, and 8% monocytes. We proceeded to workup the hyperleukocytosis with additional testing. Our differential included paraneoplastic etiology, bone marrow invasion, infection, and hematologic malignancy (e.g., chronic neutrophilic leukemia). Bone marrow biopsy showed a hypercellular (95%) marrow with trilineage hematopoiesis, myeloid predominance, and 1% blasts. Pankeratin immunostaining did not identify metastatic carcinoma in the bone marrow. Granulocytes comprised the majority of the myeloid population with monocytes representing 3% of total cells. Cytogenetic investigation showed a normal chromosome set (46, XY) and hematologic malignancy panel was negative, including JAK2, CSF1R and BCR-ABL. Serum granulocyte colony-stimulating factor (G-CSF) level was significantly elevated at 311 pg/mL (reference range <39.1).
Based on these findings, the patient was diagnosed with likely paraneoplastic hyperleukocytosis secondary to excessive endogenous secretion of G-CSF. This diagnosis was further supported by the temporal relationship between treatment with abraxane/gemcitabine and palliative radiation therapy, and the decrease in white blood cell count (Fig. 1) . It is important to note that the patient did not receive any growth factor support at any point before or during treatment. Unfortunately, after one cycle of chemotherapy, reimaging revealed that the patient's tumor had spread to the lungs and the liver and the patient and his family opted for home hospice rather than further treatment.
Conclusions
In a patient with pancreatic adenocarcinoma, leukocytosis can be due to infection, use of corticosteroid or hematopoietic growth factors, bone marrow involvement, new hematologic malignancy, or paraneoplastic manifestation. Paraneoplastic hyperleukocytosis is a rare phenomenon that is generally associated with a poor prognosis and aggressive disease. 5, 6 There have been eight published cases of granulocyte-colony stimulating factor-producing pancreatic cancer with an associated leukocytosis ranging from 14 to 46 K/UL. One of the cases reported by Joshita et al. (2009) defined this phenomenon of paraneoplastic hyperleukocytosis with the following diagnostic criteria: (1) extreme leukocytosis (>100 K/UL), (2) elevated G-CSF activity, and (3) falloff of white blood cell count after tumor resection. 7 While the mechanism for the aggressive nature of these particular types of tumors is not fully understood, it has been shown in vivo that G-CSF stimulates the growth of nonhematopoietic malignant cell lines 8, 9 and is also considered to be a major autocrine growth factor in rapid tumor proliferation and metastasis. 10, 11 In conclusion, the presence of hyperleukocytosis in patients with advanced malignancy should raise clinical suspicion of a paraneoplastic phenomenon, particularly in patients without an infective focus. Moreover, hyperleukocytosis in this setting may suggest an exceptionally aggressive course of disease.
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